~ AD-A178 493  LASER SPECTROSCOPV Of TRANSIENT HOLECULES IWTMT ll v
E PLOSINS(U) ARIZONA UNIY TUCSON DEPT OF CHENMIST
20 MAR 86 NO0914-84-K-0012
UNCLRSSIFIED F/G 7273 NL




Bmmuunuuu -

¢« OIll-. - =
'lo —
= ==

-




UNCLASSIFIED o .
HELH LASS2ICATION 1] A

EPORT DOCUMENTATION PAGHE.

.— — £ / ;
1a. 1b. RESTRICTIVE MARKINGS (ﬂ]
2a. AD'—A 1 78 493 3. DISTRIBUTION / AVAILABILITY OF REPORT
L .

UNLIMITED - UNCLASSIFIED - APPROVED FOR

- e s WP T IS ) WP PO IR JGLMEWULE PUBLIC RELEASE
! 4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
e
- 6a. NAME OF PERFORMING ORGANIZATION 60. OFFICE SYMBOL | 73 NAME OF MONITORING ORGANIZATION

(1 applicable)
University of Arizona

6c. ADDRESS (City, State, and 2IP Code) 7b. ADORESS (City, State, ang 2IP Code)

Department of Chemistry
Tucson, AZ 85721

82. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
Office of Naval Research ‘Y N 00014-84-K-0012
8c. ADDRESS (City, State, and 2IP Code) 10 SOURCE QF FUNDING NUMBERS
- Arlington, VA 22217 . PROGRAM PROJECT TASK WORK UNIT
_— ELEMENT NO * [NO. RR 0l1- | NO ACCESSION NO
- e : 61153N 03-0D NR 602-015

11 TiT(E (Incluge Security Classification)

Laser Spectroscopy of Transient Molecules Important in Explosiops (Unclassified) N

'2 PERSONAL AUTHOR(S) o er F. Bernath

13a. TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) |'S. PAGE COUNT
. Annual - #3 FROM 1/1/86 1012/31/86] March 20, 1986 Four

16 SUPPLEMENTARY NOTATION

. -

FIELD GROUP SUB-GROUP Q*P §$0065 Free radicals ¢ m——

V4 o'c‘bnauhbusl Fourier transform spectroscopyy
a\ { Laser-induced fluorescence
19. A8 CT (Continue on reverse if nécessary and identify by block number)
Work on the spectra o he-rad NH, CCN, PH and CP is complete and in press. The
vibration-rotation spectrum of CH was analyzed. e ultra-cold emission spectrum from the |
Jet-cooled CHQN and CU‘N radical was recorded and arjalyzed. The first gas-phase metal azides:

t
CaNNN and SrNNN were discovered (kijofpS' :

17. COSATI CODES 18. SUBJECT .TERMS (Continue on reverse if necessary and identfy by block nuzber) §

I
. .'-P’ i ! \.}
- ,.;_é‘f'qg&‘ LECTE
hosis T "
. MAR'3 1 1067

ﬁ“'

O Bl CO2

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT ] 21 ABSTRACT SECURITY CLASSIFICATION c
60 uncLassirepunumiTED [ same as T © (Joric useas | UNCLASSIFIED
228 NANME OF AESPONSIBLE INDIVIOUAL 22b. TELEPHONE (Include Area Coge) | 22¢ OFFICE SYMBOL
Peter F. Bernath (602) 621-2115

D0 FORM 1473, samanr 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
- All other editions are odbsolete

po - § ) ¢ UNCLASSIFIED [

RN i P B ] AN v Qe N . ] Y j I P 3% BN ]  Toe JS YU J
PRI Wty ALl VI KR K A% TR M U A W o '3l l"\“ll\li W RYS, Al AN .l",‘, DY ol NN tay, AN A n N



A-

The Free Radicals: NH, CCN, CP and PH.

The spectra of these free radicals were described in pre-
vious reports. The work on these species is complete and

published or in press.1-5

DTIC

BOPY
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The Vibration-Rotation Spectrum of CH.

The CH radical is one of the most prominent and important ‘f4f/L
molecules in detonations and all varieties of energetic
environments. In spite of the frequent observation of the
spectra of CH in many regions of the electromagnetic spec-
trum (microwave to ultraviolet), the excited vibrational
levels of the ground state are essentially uncharacterized
with the exception of v=1. Since these excited vibrational
levels will be populated in energetic environments, it is
important to detect them spectroscopically. The vibration-
rotation emission spectrum of the X2N state of CH was ob-
served with the McMath Fourier transform spectrometer at

Kitt Peak. The 1-0, 2-1 and 3-2 bands were detected in a

-‘-

microwave discharge of allene in Ar and methane in He. A

-

simultaneous fit of all of the line positions provided spec-
troscopic constants for v=0, 1, 2 and 3. Equilibrium molecu-

lar constants (in cm=!) include wq

2860.4118(98), wexe =

64.1082(46), waye = 0.2406(10), By = 14.45862(48), oo =
0.53416(58), vo = 0.00198(15), re = 1.11983(2)8. An RKR po-

tential curve was calculated from the equilibrium constants.




c.

ﬁethylnitrene: CH3 and CD3N

Metal and organic ayides are widely used energetic materials.
The primary decomposition products of organic azides are
nitrene free radicals R-N.

The CH3N and CD3N radicals were made in a free radical
jet source of the Engelking type. A corona-excited plasma
produced from methyl azide (CH3N3 or CD3N3) in He was expanded
into vacuum to provide ultracold (15K) CH3N and CD3N. The
low rotational temperature simplifies the spectrum and allows
a rotational analysis.

The CH3N radical is closely related to NH so there is
an ultraviolet X3E-X3A, transition analogous to the A3m-X3t~
transition of NH. The ultraviolet emission from the cold
plasma was detected with the Fourier Transform spectrometer.
The laser excitation spectrum was also recorded with a fre-
quency-doubled c.w. ring dye laser. Preliminary analysis of
K-X spectrum of CH3N and CD3N gives an r, structure of rg.y =
1.4118, re-H = 1.09R (assumed) and 6cHy = 106" for the ground
state. The C-N bond iength is somewhat shorter (0.03-0.09 )
than the values predicted by three recent quantum chemical
calculations.

New Qrganometallic Free Radicals: CaNNN and SrNNN

We have continued work on the alkaline earth-containing
free radicals such as MOR, MNCO and MCgHg ( M = Ca, Sr; R =

CH3, CHaCH3, etc.) that we have discovered with partial ONR

support. The first spectrum of a gas-phase metal azide was

recorded by the reaction of Ca (or Sr) with HN3 to produce




CaNNN (or SrNNN). Metal azides are widely used in detona-
tors.

A high-resolution analysis of the K2m-X2&* transition

of SrNNN established a linear geometry with a Ca-N bond

length of 2.25 R. The Sr-N vibrational frequency is
316 cm"1,
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